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qRT-PCRLipoxygenase (LOX) not only acts as a key enzyme in the octadecanoid pathway and jasmonate (JA) synthesis,
but also plays a signiﬁcant role in plant growth and development, especially plant defense. The LOX gene, how-
ever, remains unclear in Aquilaria sinensis, a “wounding-induced-type” medicinal plant with great economic
value. Based on the transcriptome data, a full-length cDNA sequence of LOX gene (termed as AsLOX1) was cloned
for A. sinensis by RT-PCR and RACE cloning strategy. The sequence analysis showed that the AsLOX1was 3168 bp
in length (GenBank accession number: KJ868174), and contained a complete open frame (ORF) of 2754 bp. The
deduced protein is composed of 917 amino acids, with a predicted molecular weight of 103.55 kDa and an iso-
electric point of 6.70. The amino acid sequence of AsLOX1 was determined to have nearly 80% sequence identity
with the LOX genes of several other species bymultiple alignments, suggesting that LOX belongs to a kind of con-
servative proteins. The deduced AsLOX1 proteinwas predicted to possess PLAT_LH2 and the lipoxygenase super-
family domain. The phylogenetic tree analysis reveals that AsLOX1 ismore closely related to Theobroma cacao LOX
than to those of other plants. According to the tissue-speciﬁc expression pattern analysis, the LOX gene in
A. sinensis tissues ismainly expressed in roots and stems, themain agarwood formation parts. In both themethyl
jasmonate (MeJA) and crushwounding treatment, the expression of AsLOX1was observed to be signiﬁcantly in-
duced inA. sinensis calli, whichwas relatively high at 1 h, reached the peak at 6 h, and then declined rapidly to the
normal level. These results demonstrate that AsLOX1 gene is an early damage-responsive gene, and has its ex-
pressionmodulated in response toMeJA stress andwounding, indicating the role of AsLOX1 in defense responses
to wounding-induced agarwood formation in A. sinensis.inens
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(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The plant fatty acid-derived jasmonic acid (JA), its volatilizedmethyl
ester (methyl jasmonate, MeJA), and amino acid derivatives, which are
collectively named jasmonates (JAs), play important roles in plant stress
response, growth and development (Wasternack, 2007; Creelman and
Mullet, 1997; Farmer et al., 2003; Devoto et al., 2005; Devoto and
Turner, 2003; Lorenzo and Solano, 2005; Pauwels et al., 2008; Yanis lipoxygenase gene; PCR,
eal time PCR; RACE, rapid-
A,methyl jasmonate; ORF,
Rs,untranslatableregions.
opment, Chinese Academy
1, Malianwa North Road,
s is an open access article underet al., 2012; Browse, 2009; Koo and Howe, 2009). The rapid accumula-
tion of JA in response to wounding or insect attack has been demon-
strated to be essential for the direct defenses at the attack site and
during systemic defense signaling (Howe and Jander, 2008).
Lipoxygenases (LOXs) are the key catalytic enzymes for the lipid
degradation in animals and plants, and are involved in unsaturated
fatty acidmetabolism in eukaryotes. In plants, LOXs regulate the growth
and development, senescence, and defense responses (Wang et al.,
2005; Boyington et al., 1993; Busto et al., 1999; Chauvin et al., 2013;
Grebner et al., 2013; Yan et al., 2013). In JA synthesis, 13-LOXs oxygen-
ateα-linolenic acid in a region- and stereo-selectivemanner to produce
13 (S)-hydroperoxylinolenic acid. More importantly, involved in the
ﬁrst step of JA synthesis, 13-LOXs may serve as the candidate decoders
of signals originating from wounds (Chauvin et al., 2013). All the four
13-LOXs encoded in the Arabidopsis thaliana genome are capable of ox-
ygenating a-linolenic acid in vitro (Bannenberg et al., 2009). As a critical
endogenous plant hormone, JAs are also associated with various kindsthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Table 1
Primers for gene cloning and real-time PCR detection.
Primer purpose Name Sequence (5′–3′)
5′RACE primers LOX-5′
GSP1
GCTCTCGGAGAGCGGATTCCTGTGGGC
LOX-5′
GSP2
GTTGACTGGGTTGACGCCGGCTATGGC
3′RACE primers LOX-3′
GSP1
CTGCACCTGACCCAACGCAACCCCATGGC
LOX-3′
GSP2
TTCGTGACGCGGATTGGTGGCCCTCGCTG
Full-length CDS
cloning
LOX-LF ATGGCACTTGCAAAAGAAAGTATGAGC
LOX-LR TCATATCGAAACACTATTAGGCACACC
Reference gene
primer
TUA-f GCCAAGTGACACAAGCGTAGGT
TUA-r TCCTTGCCAGAAATAAGTTGCTC
AsLOX1 RT-qPCR
primer
LOX-1f GTGGTTGCGAGATGACGAA
LOX-1r CAAGGAATGGCAGGTAGATG
Universal primer A
(UPM)
UPM-long CTAATACGACTCACTATAGGGCAAGCAG
TGGTATCAACGCAGAGT
UPM-short CTAATACGACTCACTATAGGGC
Nested universal
primer A
NUP AAGCAGTGGTATCAACGCAGAGT
Fig. 2. Conserved domains in AsLOX1 protein. The box in light green represents the
PLAT_LH2 domain. The orange box represents the Lipoxygenase superfamily domain.
The domains are numbered.
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et al., 2004).
Agarwood is widely used as a traditional Chinese medicine, incense
and perfumes (CITES, 2004, 2005a,b; Young et al., 2005; Persoon et al.,
2008). As one of the most important plant resources for agarwood
production in China, Aquilaria sinensis (Lour.) Gilg is the only certiﬁed
source for agarwood products listed in China Pharmacopoeia (China
pharmacopoeia Committee, 2010). Because agarwood is available only
under mechanical wounding or infectious diseases (Kumeta and Ito,
2010; Pojanagaroon and Kaewrak, 2005; Liu et al., 2013), a healthy
A. sinensis tree does not produce agarwood; it forms agarwood when
wounded, as a result of A. sinensis defensive response. Themain fragrant
compounds of agarwood are sesquiterpenes and phenylethyl chromone
derivatives, and in high-quality agarwood has been found a great
variety of sesquiterpenes (Chen et al., 2011, 2012; Hashimoto et al.,
1985; Ishihara et al., 1993; Yagura et al., 2003). These sesquiterpenes
are also considered to be produced as phytoalexins under stress
(Kumeta and Ito, 2010). In conifer plants, which are used as a plant
model of oleoresin production, both resin and terpenoids are produced
in response to biotic and abiotic stresses (Lewinsohn et al., 1991;
Bohlmann et al., 1998; Martin et al., 2002; Fäldt et al., 2003). To date,
the biosynthetic pathway of phenylethyl chromone remainsmysterious
in plants; the biosynthetic pathway of sesquiterpenes is relatively clear
in other plants, but the regulation pathway of sesquiterpenes synthesis
in Aquilaria plants is largely unknown. Kumeta and Ito reported
that three species of sesquiterpene were determined after the MeJA
treatment of Aquilaria sp. suspension cells (Kumeta and Ito, 2010).
Our previous study on MeJA induction found that the expression of
sesquiterpene synthase (ASS) gene was signiﬁcantly induced by MeJA,
and consequently the sesquiterpene production was elevated
(Xu et al., 2013). We therefore deduced that JA pathway may play
some role in agarwood sesquiterpene synthesis.
Aware of the importance and research limitation of JA signaling, we
chose AsLOX1, the key enzyme in the JA synthesis pathway, to clone
full-length cDNA, and analyze the tissue expression pattern and itsFig. 1. Schematic representatregulation in response to various external cues, such as methyl
jasmonate (MeJA) and crush wounding (MW) in A. sinensis. The results
may lay a foundation for further exploring the regulatory and biological
functions of AsLOX1 and revealing the underlyingmechanism of sesqui-
terpene biosynthesis in A. sinensis.
2. Materials and methods
2.1. Plant materials and stress treatments
A. sinensis trees were grown in a ﬁeld nursery. Leaves, roots, stems
and branches were collected from the four-year-old plants and stored
in liquid nitrogen. The well-grown A. sinensis calli were subcultured to
the modiﬁed Murashige–Skoog (MS) medium supplemented with
100 mmol·L−1 MeJA, and incubated for 0.5, 1, 2, 4, 6, 8, 16 and 24 h in
darkness and then sampled. The calli without MeJA treatment were
used as control. The same well-grown calli were crushed with a pair
ofmetal forceps and cultured for 0.5, 1, 2, 4, 6, 8, 16 and 24 h in darkness
and then sampled. The calli without crush wounding treatment were
used as control. All samples were quickly poured into liquid nitrogen
and stored at−80 °C for analysis.
2.2. RNA isolation and synthesis of the ﬁrst-strand cDNA
Total RNAwas extracted from A. sinensis calli using a Tiangen RNA ex-
traction kit (RNAprep pure Plant Kit, Tiangen Biotech Beijing Co., Ltd.) fol-
lowing the manufacturer's instructions. The quality and quantity of each
total RNA sample were measured by both electrophoresis (1% agarose)
and NanoDrop 2000 spectrophotometer (Bio-Rad).
First-strand cDNA was synthesized by reverse transcription (RT) to
transcribe poly(A)+ mRNA with oligo-dT primers using a RevertAid
First Strand cDNA Synthesis Kit (Thermo Fisher Scientiﬁc, USA) follow-
ing themanufacturer's instructions. The cDNAwas stored at−20 °C for
further analysis.
2.3. Cloning of AsLOX1 with RACE method
The primers used in this study are shown in Table 1. The ﬁrst-strand
cDNAwas used as the template for AsLOX1 core fragment ampliﬁcation
based on unigenes of 454 data (Xu et al., 2013). Both 5′ and 3′ untrans-
latable regions (UTRs) of theAsLOX1were obtained by SMARTer™RACE
cDNA Ampliﬁcation Kit (Clontech, USA), following the manufacturers'
instructions. The primer 3′-PA and 5′-PA were used as the primer to
synthesize 3′ and 5′ ﬁrst-strand cDNAs, respectively. Gene-speciﬁcion of AsLOX1 sequence.
Fig. 3. Predicted AsLOX1 three-dimensional model.
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ments. Antisense primers LOX-5′GSP1 and LOX-5′GSP2 were used for
synthesizing 5′ rapid ampliﬁcation of cDNA ends. And sense primers
LOX-3′GSP1 and LOX-3′GSP2 were synthesized for 3′ rapid ampliﬁca-
tion of cDNA ends. Those primerswere both pairedwithUPM to amplify
5′ and 3′ cDNA ends. The NUPwas used as the nested primer. The RACE
reaction was performed in a total volume of 50 μl containing 2.5 μl ﬁrst-
strand cDNA, 5 μl UPM (10×), 1 μl 10 μM 5′ or 3′-speciﬁc primer, 5.0 μl
10× Advantage 2 PCR Buffer, 1.0 μl 10 μMdNTPMix, and 1.0 μl 50× Ad-
vantage 2 Polymerase Mix. Touchdown-PCR reactions were performed
at 94 °C (pre-denaturation) for 4 min, followed by 94 °C for 30 s, 70 °C
for 30 s, and 72 °C for 90 s in the ﬁrst cycle, and the annealing temper-
ature was decreased 1 °C per cycle. After ten cycles, the conditionswere
changed to 94 °C for 30 s, 60 °C for 30 s, and 72 °C for 90 s for 20 cycles.
The duration of the 72 °C elongation step lasted 10 min.
2.4. Subcloning and sequencing
The PCR products were then subjected to electrophoresis on a 1.0%
agarose gel for detection and puriﬁcation. The ampliﬁed subjective frag-
mentswere cloned into thepGM-T vector (Catalog ID: VT202) following
the manufacturer's instructions. Recombinant plasmids wereFig. 4. Conserved motifs of LOXs in A. sinensis and other species identiﬁed with the MEME searc
the start and end location of the motifs. Abbreviation: Arabidopsis thaliana (A. thaliana), Caric
Theobroma cacao (T. cacao).transformed into Escherichia coli, selected by blue/white screening,
and veriﬁed by PCR. Nucleotide sequencingwas performed by Shanghai
Sangon Biotech Company.
2.5. Isolation and bioinformatics analysis of the full-length cDNA sequence
of AsLOX1
The sequence encoding AsLOX1 was determined by homology
searches in the NCBI databases using the BLAST program, and the
homology sequences were downloaded from the database. The align-
ment of the AsLOX1proteinwith other structurally related LOXproteins
was performed using the Clustal X program. Some other bioinformatic
sequence features of AsLOX1, such as molecular weight (MW), theoret-
ical isoelectric point (pI) and stability, were performed as described
(Shao and Lu, 2013). The conserved motifs of LOXs in A. sinensis and
other species were analyzed using Multiple Expectation Maximization
for Motif Elicitation (MEME) version 4.9.1 (Bailey and Elkan, 1994)
with the following parameters. Optimum motif width was set to ≥6
and ≦50. The conserved residues were analyzed by the alignment of
amino acid sequences using T-coffee (Notredame et al., 2000) and by
searching literature references. SWISS-MODEL was used to analyze the
molecularmodeling of AsLOX1protein (Zhao et al., 2011). To determine
the relationship between AsLOX1 and other LOX proteins, phylogenetic
analysis was constructed for sixteen LOX proteins of different species
using MEGA version 5.05 by the neighbor-joining method with 1000
bootstrap replicates (Tamura et al., 2011).
2.6. Quantitative real-time reverse transcription-PCR (qRT-PCR)
The tissue-speciﬁc expression in roots, stems, leaves and branches of
four-year-old A. sinensis plants, as well as the expression pattern
induced by MeJA treatment and crush wounding of AsLOX1, was
analyzed using the qRT-PCR (Shao and Lu, 2013). Brieﬂy, gene-speciﬁc
forward and reverse primers were designed and synthesized
(Table 1). About 10 ng cDNA reversely transcribed from total RNA was
used as a template in a 20 ml volume. Tubulin (TUA) was used as a
reference gene (Gao et al., 2012). qRT-PCR was carried out in triplicates
for each biological sample using the BIORAD iQTM5 system (Bio-Rad).
Three fully independent biological replicates were performed. The
speciﬁcity of ampliﬁcation was assessed by dissociation curve analysis.
Gene expression levels were determined using the 2−ΔΔCt method,
where Ct represents the threshold cycle (Livak and Schmittgen, 2001).
Relative amount of transcripts was calculated and normalized as
described previously (Livak and Schmittgen, 2001). Average Cts
were log transformed, mean centered and autoscaled (Willems et al.,
2008). Standard deviations of the mean value from three biological
replicates were calculated as described previously (Willems et al., 2008).h tool. Different motifs are represented by boxes in different colors. Box numbers indicate
a papaya (C. papaya), Morus notabilis (M. notabilis), Populus trichocarpa (P. trichocarpa),
Fig. 5. Alignment of partial sequences of LOX proteins in A. sinensis and other species using T-coffee. Consistent sequences are boxed.
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3.1. Molecular cloning of full-length cDNAs and characterization of AsLOX1
Based on the sequences of the unigenes fromA. sinensis transcriptome
data, a full-length cDNA clone was obtained using 5′/3′-RACE extension
methods. Two speciﬁc primers LOX-5′GSP1 and LOX-5′GSP2 for
5′-RACE, and LOX-3′GSP1 and LOX-3′GSP2 for 3′-RACE were designed
(Table 1) to yield a 1411 bp 5′ cDNA end sequence and a 852 bp 3′
cDNA end sequence.
The sequence analysis conﬁrmed that the clonewas a LOX gene. The
full-length AsLOX1 comprises 3168 bp, harboring a 103-bp 5′ untrans-
lated region (5′-UTR), a 311-bp 3′ untranslated region (3′-UTR), and a
27-bp polyA. Its open reading frame (ORF) is 2754 bp (Fig. 1), encoding
a deduced protein of 917 amino acids with a predicted molecular
weight of 103.55 kDa and an isoelectric point of 6.70. The cloned
cDNA sequence has been submitted to GenBank under the accession
number KJ868174.3.2. Protein structure and conserved domain analysis
The search for the conserved domain in AsLOX1 protein against the
NCBI Conserved Domain Database showed that AsLOX1 contains the
PLAT_LH2 domain (domain of plant lipoxygenase related proteins) and
the lipoxygenase superfamily domain (Fig. 2). The three-dimensional
structural model was also constructed by SWISS-MODEL (Fig. 3). TheFig. 6. Phylogenetic tree based on the amino acid sequence of AsLOX1 and other homologues seq
using MEGA 5.05 by the neighbor-joining (NJ) method with 1000 bootstrap replicates. BootstrMEME motif search tool was used to analyze the conserved motifs of
AsLOX1 and LOXs in other species (Fig. 4). The results revealed that
three motifs were conserved in all of the six LOXs, suggesting the
conservation of LOXs. These highly conserved motifs could be associated
with gene function of AsLOX1. The sequence alignment of LOX proteins
from A. sinensis and other species using T-coffee (Notredame et al.,
2000) showed that AsLOX1 contains the VHQLVNHWLRTHA and
SAMHPIFKLLDPHMRYTLEIN signature, the partial sequence of the second
motif (Figs. 4 and 5).
3.3. Homologous alignment and phylogenetic analysis of AsLOX1
Through the alignments of multiple amino acid sequences, an
unrooted neighbor-joining tree was constructed to further determine
the evolutionary relationship among LOXs from A. sinensis and other
species. As shown in Fig. 6, A. sinensis has the closest relationship with
T. cacao, and a relatively close relationship withMorus notabilis, Carica
papaya, Populus trichocarpa, and A. thaliana. Nonetheless, AsLOX1
showed a close relationship with all the above LOXs, indicating that
the protein structure of LOXs has been highly conserved.
3.4. Tissue-speciﬁc expression of AsLOX1 gene
To preliminarily elucidate the function of AsLOX1 gene, we analyzed
the expression patterns of AsLOX1 in roots, stems, leaves and branches
of 4-year-old A. sinensis tree by the quantitative RT-PCR technique.uences. The relationshipswere analyzed for the deduced full-length amino acid sequences
ap values are shown near the nodes.
Fig. 7. Expression of AsLOX1 in roots (Rt), stems (St), leaves (Le) and branches (Br) of
A. sinensis. The expression patterns were analyzed with the quantitative RT-PCR method.
PCRwas carried out in triplicates for each biological sample. Three independent biological
replicates were performed. Tubulin (TUA) was used as a reference. Fold changes of AsLOX1
expression were shown. The expression level in leaves was arbitrarily set to 1, and the
levels in other tissues were given relatively to this. Error bars represent the standard devi-
ations of the mean value of three biological replicates.
Fig. 9. AsLOX1 responses to crush wounding. The expression patterns of AsLOX1were an-
alyzed using the quantitative RT-PCR method. PCR was carried out in triplicates for each
biological sample. Three independent biological replicates were performed. Tubulin
(TUA)wasused as a reference. Fold changes of AsLOX1 expression are shown. Fold changes
of AsLOX1 in the calli of A. sinensis, which were treated with themechanical wounding for
0.5, 1, 2, 4, 6, 8, 12 and 24 h,were shown. The transcripts level in the healthy calli (CK)was
simultaneously detected. Error bars represent the standard deviations of the mean value
from three biological replicates.
14 Y.-C. Liao et al. / Plant Gene 2 (2015) 10–16The transcripts of AsLOX1 could be detected in all the tissues analyzed
(Fig. 7), consistent with the vital roles of LOXs in plants. The results
showed that the roots had the highest expression level, being 298
times that in leaves; the stems had a relatively higher expression
level, being 124 times that in leaves, while the leaves had the lowest
level (Fig. 7). The transcript of AsLOX1 gene in branches was 20 times
higher than in leaves (Fig. 7).3.5. The response of AsLOX1 to MeJA and crush wounding treatment
The expression level of AsLOX1 in A. sinensis calli was signiﬁcantly
induced after MeJA treatment (Fig. 8). Compared with the control, the
expression level became relatively high (13 times) at hour 1, reached
the peak at hour 6, and then rapidly declined to the normal (Fig. 8). As
shown in Fig. 9, AsLOX1 was up-regulated at different time points in
the crush wounding treatment. Compared with the control, the expres-
sion level of AsLOX1was increased by 14.9 times at hour 1 and by 18.2
times at hour 6, and then rapidly declined to normal (Fig. 9).Fig. 8. AsLOX1 responses to MeJA treatment. The expression patterns of AsLOX1 were
analyzed with the quantitative RT-PCR method. PCR was carried out in triplicates for
each biological sample. Three independent biological replicates were performed. Tubulin
(TUA)wasused as a reference. Fold changes of AsLOX1 expression are shown. Fold changes
ofAsLOX1 in the calli of A. sinensis, whichwere treatedwithMeJA for 0.5, 1, 2, 4, 6, 8, 12 and
24 h, were shown. The transcript level in the calli without MeJA treatment was simulta-
neously detected. Error bars represent the standard deviations of the mean value from
three biological replicates.4. Discussion
A. sinensis is a representative “induced-type” medicinal plant with
great economic value. In the international market, high-quality
agarwood is even more expensive than gold. To date, LOX genes have
been identiﬁed and cloned in many different types of plants (Wang
et al., 2005; Zhou et al., 2009; Zheng et al., 2011; Halitschke and
Baldwin, 2003; Creelman andMullet, 1997; Acost et al., 2009), but rarely
reported for Aquilaria plants.
In the present study, we ﬁrst cloned the full-length cDNA sequence,
named AsLOX1, from A. sinensis. Then we characterized AsLOX1 via a
comprehensive approach combining sequence features, gene struc-
tures, conserved domains and phylogenetic analyses. The conserved do-
main analysis showed that AsLOX1 contains the PLAT_LH2 domain and
the Lipoxygenase superfamily domain. Furthermore, the motifs of LOXs
in A. sinensis and other species were demonstrated to be similar. These
results suggest that the predicted amino acid sequence of AsLOX1 is
accurate. As the homogenous sequences of the LOX gene have been
shown to be very highly conserved in many plant species (Feussner
and Wasternack, 2002; Andreou and Feussner, 2009; Siedow, 1991;
Hornung et al., 1999; Suzuki et al., 2003; Liavonchanka and Feussner,
2006), we conclude that AsLOX1 is a member of the LOX gene family.
The multiple sequence alignment result shows that the amino acid
sequence of AsLOX1 is highly consistent with that of the obtained
plant LOX protein (more than 80%). The phylogenetic analysis indicated
that A. sinensis LOX and T. cacao LOXhave strong connections in terms of
structure and feature. LOXs were observed to be highly conserved,
conﬁrming the high degree of LOX conservation during the evolution,
which reﬂects the selective pressure imposed by the essential functions
of LOX in eukaryotic cells.
The tissue expression analysis by real-time quantitative PCR
revealed that AsLOX1 is expressed in all the tested tissues from
A. sinensis trees, especially highly in roots and stems, the main organs
of agarwood formation. Further sequencing and analysis of the tran-
scriptome in A. sinensis needed to elucidate the underlyingmechanisms.
In Arabidopsis and Salvia miltiorrhiza, lipoxygenase gene is mainly
expressed in leaves and roots; the 9-lipoxygenase pathway regulates
the lateral root development, and mediates defense responses through
plant leaves (Li et al., 2013; Vellosilo et al., 2007), which is consistent
with LOX gene function of direct and indirect defenses to herbivory by
releasing plant volatiles from plant leaves. The results suggest that
AsLOX1might play an important role in agarwood accumulation and de-
fensive responses, and thus be selected as a key target in understanding
the regulation of sesquiterpene metabolism in A. sinensis.
15Y.-C. Liao et al. / Plant Gene 2 (2015) 10–16The AsLOX1 expressionwas found to be signiﬁcantly induced byMeJA
and crush wounding in A. sinensis calli. The exogenous application of
MeJA, one of elicitors of plant defense, to A. thaliana, Caragana jubata, soy-
bean,maize and tomatomediated up-regulation of LOXgene (Jung, 2007;
Bhardwaj et al., 2011; Bell andMullet, 1991; Nemchenko et al., 2006; Yan
et al., 2013). In C. jubata and maize, exogenous JA transiently induced
steady-state levels of CjLOX and ZmLOX10 transcripts starting at 3 h and
reaching a maximum at 12 h after treatment; Similarly, wounding,
known to induce endogenous accumulation of JA (Pena-Cortés et al.,
1993), had the same effect on ZmLOX10mRNAaccumulation,with amax-
imumat 12 h (Nemchenko et al., 2006; Bhardwaj et al., 2011). The similar
result was found in tomato, the expression level of TomLoxD reached a
maximum at 1 h, and then declined to the normal at 12 h (Yan et al.,
2013). The above studies had showed that AsLOX1 gene was a
wounding-responsive gene and different LOX genes in different species
have different time courses of ﬂuctuations responding to stresses. Differ-
ently and interestingly shown in our study was that the expression level
of AsLOX1 within a 12-h window represented two peaks (1 and 6 h)
uponMeJA orwounding treatment. One of the possible reasons is that dif-
ferent LOX genes in different species have different regulatory and stimu-
lus–response model; Plant cell membrane fast releases a large amount of
polyunsaturated fatty acid (PUFAa) when they were hurt, and initiate
oxylipin signaling pathway; Plant oxylipin signaling pathway contains
eight major and competitive branches, and seven approaches among
them need LOX to catalyze PUFAa to produce hydroperoxides (HPOs).
HPOs as the substrate for seven different enzymes from the seven
branches, respectively, so there appears the ﬁrst peak of the expression
level of AsLOX1. Besides that, there might be a big competition in the
eight branches, so there presented a decreasing trend before a balance be-
tween them. JA as a key endogenous plant hormone and also a long-
distance transportation wound signal molecule derives from one of the
eight branches allene oxide synthase (AOS) pathway and participates in
plant defense responses (Wang et al., 2008; Farmer et al., 2003; Li et al.,
2005; Kang et al., 2010; Glauser et al., 2009; Koo et al., 2009; Endt et al.,
2007). To achieve the purpose of against damage, A. sinensis calli tend to
choose AOS pathway and produce more JA. The biosynthesis of JA needs
LOXenzyme, so there present the other peak. Accordingly,wepreliminar-
ily illustrate that both AsLOX1 and JA signaling pathways are involved in
the wounding defense in A. sinensis.
Taken together, this study obtains some useful information for
future elucidation of LOX functions in A. sinensis, and gives the ﬁrst
insight into the regulation mechanisms of wounding responses by the
JA pathway in Aquilaria. Further genetic manipulation of AsLOX1 will
shed light on the agarwood sesquiterpene biosynthesis pathways and
their participation in defense responses.5. Conclusions
Here we cloned a lipoxygenase gene (AsLOX1) from A. sinensis trees
for the ﬁrst time. According to the experimental results, the full-length
ORF of AsLOX1 is 2754 bp, encoding 917 amino acids with a predicted
molecular weight (MW) of 103.55 kDa and an isoelectric point (PI) of
6.70. AsLOX1 belongs to a kind of conservative protein, containing
PLAT_LH2 and the lipoxygenase superfamily domain. AsLOX1 gene is
mainly expressed in roots and stems, but lowest in leaves. The expres-
sion of AsLOX1 could be signiﬁcantly induced by both MeJA and crush
wounding in A. sinensis calli. This work may lay a theoretical and
experimental foundation for future research on gene functions, and
the transgenic A. sinensis trees with varied AsLOX1 expression will give
deeper insight into the AsLOX1 role in A. sinensis.Conﬂict of interest
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